Purpose of the Review The purpose of this review was to provide an overview of studies within the past 5 years examining the impact of social network factors on addictive behaviors among college students, to discuss gaps, limitations, and controversies in the field, and to summarize with a discussion of future directions and implications for interventions. Recent Findings A review of 13 studies indicated that greater network exposure, centrality, reciprocated ties, and more tightly interconnected networks were associated with greater alcohol use and other addictive behaviors among college students. Summary Greater research is needed that expands beyond alcohol use to other addictive behaviors among college students. Additionally, more studies are needed that longitudinally study the impact of changes in social networks on addictive behaviors and vice versa, as well as studies examining sociocentric (whole) networks. Social network approaches offer innovative perspectives in understanding social influences on addictive behaviors and novel intervention strategies for potentially reducing addictive behaviors among college students.
Introduction
Over 30 years of research has examined the association between perceived norms of substance use and addictive behaviors among college students [1] [2] [3] [4] [5] [6] . The social norms approach [7, 8] provides the theoretical framework by which to understand the association between norms and behaviors, with consistent empirical evidence to indicate that college students overestimate the amount and approval of peers' drinking [1, 5, 9] , and that this overestimation is associated with risky drinking behaviors. Perceptions of peers' behaviors have consistently been found to be one of the strongest predictors of personal behavior among college students, controlling for other known predictors, such as demographics, motives, and expectancies [2, 8, 10] . Furthermore, the association between perceived descriptive norms, or the perception of how others' behave [11] , of more specific referent groups, (e.g., based on gender, being a student at that particular university, ethnicity, fraternity/sorority status) and personal behaviors has been found to be stronger than the association between the perceived norms of the Btypical college student^and subsequent behaviors [9, [12] [13] [14] [15] [16] .
Social norms for addictive behavior among college students and those transitioning to college are thought to be established and/or maintained by selection and socialization processes. BSelection^refers to the influence of individual characteristics in leading an individual toward certain experiences, organizations, or environments, and Bsocialization^refers to the influence of experiences, organizations, or environments on the individual [17] . Often the two concepts work concurrently, with evidence suggesting that college students who live in college residence halls tend to drink more [18] and that students who select into heavy-drinking environments, such as fraternities and sororities, tend to drink more heavily than those who do not select into these environments [19] . Conversely, students who select into more academically focused groups, such as residential learning communities, drink less [20] . Additionally, there is evidence to suggest that there are reciprocal selection and socialization processes that influence both alcohol use and the choice to join heavy-drinking social groups in the transition from high school to college [21, 22, 23••, 24] .
The body of work to-date strongly and consistently suggests that perceived drinking norms and reciprocal selection and socialization processes impact college student drinking. However, a major limitation of this work is that peer groups are still broadly conceptualized at varying levels of abstraction (e.g., Btypical female college student) and are rarely focused on the individual's personal peer affiliations. Moreover, this work still relies on the individual's reported perceptions of college students' drinking and does not consider the quality of the connections of the individual to each peer within the group. This work also does not consider connections between group members, or the impact of certain group members who may be more influential than others with regard to alcohol or substance use. To address these limitations, recent research has begun to expand beyond the static conceptualization of social influences to focus more broadly on network factors associated with substance use and addictive behaviors among college students (Table 1) .
Social networks are defined as the connections, or relationships, among people, organizations, or any such units [25••] . BConnections^may be characterized in a wide variety of ways, based on geography, communications, friendships, family, etc. Social network analysis allows one to characterize the network and individuals within the network by measuring the impact of these relationships on thoughts, attitudes, and behaviors. Research related to social network theory and analysis suggests that an individual's behavior is influenced by more than just their perceptions of group norms and is more directly influenced by specific individuals within a social network [25••] . The individual's position within a network, along with characteristics of that network, is what most directly impact the individual's behavior. Therefore, social network theory and its associated metrics (examples and definitions provided in Table 2 ) more specifically account for both peer selection and socialization effects, as well as the social norms of the individual's network.
The purpose of this review was to provide an overview of studies within the past 5 years examining the impact of social network factors on addictive behaviors among college students, to discuss gaps, limitations, and controversies in the field, and to summarize with a discussion of future directions.
Methods
To select relevant studies for this review, we conducted database searches of PsycINFO, PsycARTICLES, PubMed, and Google Scholar. We used a Boolean search strategy with the following key words: social networks, addictive behaviors, addiction, substance use, college, university, college students, university students, undergraduates, alcohol, cigarettes, tobacco, e-cigarettes, hookah, smoking, marijuana, cannabis, drugs, and gambling. All articles had to be in English and published between January 1, 2011 and June 1, 2016. Articles were not limited to only those published in peer-reviewed journals and dissertations were included in the search. This search strategy identified a number of studies focused on the use of social media (i.e., Bsocial networking sites^) in relation to addictive behaviors. These studies were excluded unless there was a component that examined social network factors via online social media sites that were related to addictive behaviors among college students. Additionally, studies were excluded if they were not exclusively focused on an addictive behavior as an outcome. Using these criteria, 13 studies were included in the review (Table 1) .
Results
The majority of studies have focused on alcohol use, with a few focused on combined alcohol and marijuana, tobacco, and gambling behaviors [26] [27] [28] [29] , and one study focused on non-medical use of prescription drugs [30] . Five studies focused on the general college population, with two studies focused on college students in residence halls [26, 31] ), two studies focused on mandated college students [32, 33] , one study comparing students in a psychology and engineering program [34] , two studies focused specifically on fraternities and sororities [29, 35] , and one study focused only on female college students [36] .
The majority of studies were based on a personal network design, with three studies requiring students to nominate important people within a whole network [26, 29, 31] . The studies that focused on students in the psychology and engineering programs and fraternities and sororities were naturally whole network designs [34, 35] . Network sizes in personal networks varied between three and 30 individuals in the network, and the type of alters in each network differed among groups. For instance, some studies asked students to name friends that they had regular face-to-face contact with [32, 33] , while others asked students to name friends, family members, romantic partners, or co-workers [28, 37] . All but three studies [29, 32, 33] measured social network factors and alcohol use at one time point.
Social network influence was measured in different ways in each study. The majority of studies measured network influence on ego's behavior as the proportion of individuals within ego's network who engaged in each behavior (i.e., network exposure) [27, 30, 32, 33, 37, 38] . The authors of all of these studies concluded that greater network exposure was positively associated with the individual's own use of alcohol, cigarettes, marijuana, and non-medical prescription drugs, as well as gambling behaviors. Studies that examined other metrics of social network influence found that being more central, having more reciprocated ties, and being in more tightly interconnected networks were associated with increased alcohol use in particular [29, 31, [34] [35] [36] . Moreover, two studies found that even within networks, clusters of individuals can be identified and vary by type of behavior and level of substance use or addictive behavior [26, 28] . The dissertation by Rodrigues [35] was the only article that examined the effect of social network concepts on willingness to intervene among fraternity and sorority members who appeared to be drinking in a problematic way. Although the author did not find that friendship or other types of peergroup nominations were significantly associated with willingness to intervene, being a leader in the group, which could be a proxy for centrality, was associated with increased willingness to intervene. Additionally, the author concluded that drinking excessively and experiencing alcohol-related problems were associated with greater social costs and the individual being viewed less favorably.
Gaps, Limitations, and Controversies
The use of social network methodology, assessing beyond the Baverage^group behavior (e.g., average number of drinks consumed by friends), is becoming more prevalent in examining addictive behaviors among college students. However, a number of limitations, gaps, and potential controversies exist in this growing field and bear further scrutiny.
In general, there is a paucity of work assessing college student social networks as they relate to addictive behaviors. Much of the work on social networks and addictive behaviors has been conducted with adolescent samples [39] [40] [41] [42] [43] . College students' social networks likely differ greatly from those of adolescents, where membership in and movement between groups is more prevalent and parental monitoring is reduced [44, 45] .
Studies related to social networks and addictive behaviors among college students have thus far been disproportionately focused on alcohol consumption, with very little work having been done on other addictive behaviors. Additionally, only a quarter of these studies focused on sociocentric networks, with the majority of studies having assessed self-reported behaviors of egocentric network members. The overwhelming focus on egocentric data limits the conclusions that can be drawn regarding the social influence of networks, as well as selection and socialization effects. The reliance on egocentric networks is likely due to the difficulty in identifying meaningful network boundaries in college samples where individuals continue to develop their identities and transition into and between groups [46] . A third major limitation to consider in social network research is the varied and inconsistent use of measures across studies. For instance, studies asked participants to report on networks of various sizes ranging from three close peers [27] to entire Facebook networks [36] . In addition, studies that assessed egocentric networks asked participants to think of and define their social networks in a variety of ways, including listing important people [26, [31] [32] [33] , close friends [27, 30, 38] , close friends on Identifies the most prominent members of a network as defined by extensive relational ties with other members of a network. Can be defined and measured in different ways, the following of which is not exhaustive: In-degree centrality is the number of individuals who nominate the actor.
Typically a measure of popularity. Out-degree centrality is the number of people that the actor nominates.
Can be thought of as Bexpansiveness,^or social reach. Betweenness centrality is the number of times an actor connects pairs of other actors, who otherwise would be unable to reach one another. Is thought of as a measure of social bridging or gatekeeping. Closeness centrality is a measure of the minimum number of ties needed to reach all the other individuals in the network. If an actor is close to all others in the network, then they are not dependent on as many other actors to reach other actors. This is often considered a measure of network efficiency and independence. Edge betweenness is the link between individuals with the largest betweeneness. An edge has high edge betweenness if it is included in the shortest path between multiple actors in the network, connecting Bclusters^within the network.
Eigenvector centrality is a measure of the ego's association with other central individuals in the network, indicating how central they are relative other central nodes in the network Network density Is a measure of cohesion, or interconnectedness, within a network. It is the total number of relational ties that exist within a network divided by all possible ties. Network exposure (proportion)
Measures the extent to which an ego is exposed to alters who engage in specific behaviors. Exposure is calculated by multiplying the number of direct ties by whether the alter engages in the behavior or not. In personal networks, this would be the proportion of alters in an ego's network who engage in a specific behavior. Homophily A measure of similarity between egos and alters in a personal network, which indicates the ego's propensity to have ties with alters in the same group or class as themselves. Effective size Is a measure of brokerage opportunities or social capital. Is a measure of structural holes, which are networks high in disconnectedness between alters. Measured by the number of alters an ego has minus the number of ties that each alter has to other alters. Is positively associated with efficiency, and negatively associated with low density.
Clustering coefficient A measure of how tightly connected alters are within a network. High coefficients are indicative of more densely connected networks.
campus [33] , individuals that have had the most impact [28] , and best friends, family members, co-workers [28, 37] . Several studies went beyond asking participants to think about important people and further defining network members by asking participants to think of time spent together [27, 32, 37] , closeness [30, 33] , and those who they trusted and turned to for social support [29] . Some variation in measurement is expected to answer specific study questions. However, researchers should employ greater precision when discussing study findings by referencing what peers were identified and included in the network. For example, researchers should specify that the average drinking of Bstudents they see weekly^pre-dicts individual drinking rather than Baverage network drinking^predicts individual drinking. Identifying who the network is made up of will be integral to assessing the impact of network members across studies. Network size is also a factor, with network statistics calculated from networks of less than five members providing little information not accounted for by the transitivity property [25••] . Therefore, studies designed to assess the impact of social networks on individuals should focus on networks of at least five individuals.
Variations in size and the way network information is defined and collected may impact the associations that are being tested and the conclusions can be drawn from the study. Network size impacts the social network variables that can be used in analyses, with smaller networks providing much less structurally meaningful information than larger networks. Additionally, in studies assessing networks comprised of important people, one student may only list friends, while another may list both friends and family. While both participants have listed who is important to them, we would expect that there would be different effects of selection and social influence in these networks, particularly as it relates to addictive behaviors. This limitation also applies to the instructions used for indicating connections between group members. Network members can Bknow,^Blike,^Binteract,^or feel Bclose^to other network members. Classifying social networks in such a wide variety of ways limits the level of precision with which conclusions can be drawn regarding the impact of social networks on addictive behaviors. The use of detailed prompts for collecting network member information is needed to help reduce potential variability in participant responses. All variability cannot be removed but some of the remaining variability may be accounted for by assessing the relationship or role that network members have in the participant's life (e.g., friend, family member, coworker, etc.). Furthermore, specificity when reporting results is important for clear interpretation of research findings. Researchers should also avoid using generic terms to describe these relationships (e.g., using the term Bpopular^to describe someone who has been nominated as being liked by many network members).
Finally, there are several evolving discussions within social network research on the definitions and calculation of the social network constructs and the direction of the relationships tested. There is a wide range of social network variables that can often be calculated using different formulas. For example, a network member can be identified as central to the network if they nominate a lot of other members, are nominated by a lot of other members, or reside in a position that connects different clusters. Additionally, constructs like Baverage^group behaviors or similarity between behaviors can be calculated using exposure or homophily. Exposure is used most often, but more consistency between constructs and statistical terminology will help researchers better understand social network findings. Confidence in conclusions regarding general effects of social network characteristics on addictive behaviors is contingent on the degree of similarity of findings reported across diverse samples, methods, and definitions. As the body of research continues to grow, there will be opportunities to draw conclusions specific to methodological strategies employed.
Another discussion within social network research relates to unidentified directional relationships due to the lack of longitudinal studies. Of the studies which assessed networks longitudinally, which accounted for only a quarter of the studies reviewed, analyses examined the effect of the network on the individual's behavior. Current research has not assessed the impact of an individual's combined characteristics and network position on the network's behavior, or the strength of the interaction between the network and the individual network position on addictive behaviors.
Finally, a small but growing subfield of social network research on addictive behaviors has focused on two-mode network analysis, or the Baffiliation exposure model.Û sing this method, social influence is conceptualized as influence from co-membership with activities/events (i.e., affiliation-based social influence). Work by Fujimoto and colleagues has examined the overlapping co-influence of friendship networks and participation in school-sponsored sports and club activities on alcohol use [40] , the combined influence of friendship networks and school-sponsored sports on smoking behaviors [47] , and the overlapping influence of Bcrowd identification^(i.e., self-identifying as a jock, popular kid, etc.) and participation in schoolsponsored sports activities on alcohol use among adolescents [48] . Results indicate that the overlapping influence of co-participation in organized activities (sports or clubs) and Bcrowd^identification with friendship networks significantly impacts drinking and smoking behaviors among adolescents. To date, no studies of the affiliation exposure model have been conducted in college samples, presumably because such affiliation-based networks are less easily defined and are far more varied and numerous in college than in middle school or high school.
Future Directions for Social Network Interventions
Interventions utilizing social norms and personalized norms feedback have improved over the years and are perhaps reaching the asymptote of what can be expected with regard to their ability to change behavior. Attempts to refine reference groups to be more and more specific have demonstrated limited improvement [49] . Social network approaches have much to offer in our understanding of how specific individuals' behavior affects and is affected by other people. While social norms approaches have emphasized how others' drinking compares to one's own drinking, the Bothers^are usually not identifiable specific individuals, but rather hypothetical others who are presumably similar. Group-based interventions where norms are assessed and reported during live interactive polling are a creative exception [50, 51] .
It is clear that the individuals who have the greatest influence on us are those whom we know, care about, spend time with, etc. They are the people with whom we have some degree of relationship with. Perceived norms have their place, but friends, intimate partners, and family members are likely to have much greater influence on behavior relative to any abstract estimate of a hypothetical group. Studies of natural drinking groups have identified consistent roles individuals tend to fill within drinking groups, such as organizer/planner, initiator of drinking activities (e.g., drinking games), social regulator/leader, and person who watches out for others (e.g., caregiver/ designated driver) [52] . Surveys of natural drinking groups before and after visiting drinking establishments have shown that higher status members drink the most in heavy-drinking groups, and encourage the most consumption by other members [53] . In high risk alcohol-related contexts (i.e., 21st birthday celebrations), where excessive drinking is heavily encouraged by most of the people present, romantic partners stand out as a unique protective influence [54] . These findings suggest multiple potentially fruitful avenues to pursue with respect to innovative intervention strategies by considering the roles and dynamics of individuals in personal drinking networks.
In addition to smaller personal networks, sociocentric networks have considerable potential to provide novel intervention approaches. The primary difficulty is the identification of meaningful and salient boundaries. In many university settings, there are at least three natural candidates for sociocentric examinations (residence halls, fraternity/sorority groups, and athletes). Barnett and colleagues have initiated promising work in the context of residence halls [31] . Providing a targeted intervention to influential individuals within a network that may be diffused to other network member may prove to be a profitable avenue for social network interventions. Feedback that highlights specific individuals' positions within the network in the context of addictive behaviors might also prove to be a useful intervention strategy. Finally, providing targeted interventions to influential individuals within a network to increase the use of protective behavioral strategies and intervene on others within in the network who may be drinking problematically may also be an opportunity to further explore, particularly in a social network with a large number of Bextreme^binge drinkers.
Conclusions
The purpose of this review was to provide an overview of recent studies examining social network factors and addictive behaviors among college students. A significant body of research has been established with regard to social norms and addictive behaviors among college students, namely alcohol use. Despite the significant increase in the number of publications examining social networks and addictive behaviors in college students within the past 5 years, a number of gaps remain and further work is needed in the field. Specifically, the vast majority of studies are focused on alcohol use, are cross-sectional and do not examine changes in network composition and structure over time, and are focused on egocentric data. Moreover, studies vary with regard to the number and type of network members named (e.g., important people, friends, campus friends that participants are in regular contact with). Further work is needed that examines a wider variety of addictive and risky behaviors in this group, as well as examines the reciprocal effects of both the network on the individual and the individual on the network. In summary, with further research, social network approaches may offer novel perspectives in understanding social influences on addictive behaviors, as well as innovative intervention strategies for reducing addictive behaviors among college students.
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